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SUMMARY

The reproductive performance of lines of mice selected for 20 generations 
for either appetite, lean weight or fat percentage is reported. Results indicate 
that the overriding factors genetically associated with ovulation rate and 
litter size in mice are lean mass and appetite (or metabolic rate) in relation 
to lean mass. When male and female pairs from each of the selection lines were 
intermittently bred several times (post-partum matings were avoided), first 
litter performance gave a reliable indication of reproductive rate over the 4 
parities studied, and there were no line differences in fertility, even among 
the fat percentage lines where large differences existed in carcass composition.

We suggest that the basic relationships described here for mice will apply 
in principal to most, if not all domestic animals.

INTRODUCTION

A knowledge of the inter-relationdiips between reproductive performance and 
components of the growth process within the domesticated species is critical to 
the development of effective breeding programmes. Experiments with laboratory 
animals can help in gaining this knowledge by reducing the time , cost and 
effort reguired compared to experiments with domesticated animals, however 
results should be interpreted at the level of basic genetics and physiology, 
and not simply extrapolated directly from the one mammalian species to another.

Studies have recently been conducted at the University of Edinburgh which 
provide information on these inter-relationships. This paper summarises the 
reproductive performance of lines of mice selected for 20 generations for one of 
each of the following criteria:- appetite, lean weight and fat percentage.

DESIGN AND RESULTS OF SELECTION EXPERIMENT

Mice were selected for one of three criteria : appetite (A) measured as 4- 
to 6- week food intake, corrected by phenotypic regression for 4- week body 
weight, fat percentage (F), using the ratio of gonadal fat pad weight (GFPW) to 
body weight (BW) in 10-week old males, and total lean weight (P), using the 
index BW- 8 X GFPW in 10- week old males. For each selection criterion, there 
were contemporary high (H), low (L), and unselected control (C) lines, all 
replicated three times, i.e. 3 selection criteria x 3 directions x 3 replicates. 
Sixteen pair matings were made in each line up to generation 8; subsequently 8 
pair matings were used. Selection was practised within families on both males 
and females in the A lines and males only in the F and P lines.

A full account of the design and origins of the lines and the results for 
the first 11 generations is given by Sharp, Hill and Robertson (1984).
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Selection responses

Selected characters and body weight. At generation 20, the responses to 
selection, presented as differences between the high and low lines as 
percentages of the control line means (replicates pooled) were 28, 153 and 28% 
for the selected characters and 31, 6 and 43% for 6 week, weight for the A, F and 
P lines, respectively. For more details, see Hill and Bishop (1986).
Correlated responses in reproductive performance. Figure 1 shows the first 
litter size of each of the lines for the 20 generations of selection. Replicates 
have been pooled. To conform with earlier publications, litter size is plotted 
against the generation number of the progeny and represents the reproductive 
performance of the previous generation of parents. In Figures 2 and 3, the 
divergences for litter size between H and L lines are plotted against those for 
the characters under direct selection in the A and P lines, respectively.

The large correlated responses in litter size in the same direction as 
selection for appetite were quite unexpected, and can not be adequately 
explained in terms of associated changes in body weight (Brien et al. 1984). The 
evidence suggests they have declined in later generations relative to direct 
responses to selection. No differences in litter size are apparent among the F 
lines after 19 generations of selection for and against high fat percentage.

The correlated responses in litter size in the same direction as selection 
for lean weight were expected, given the similarity of the selection criterion 
to body weight itself, as correlated responses in reproductive performance have 
been widely reported when body weight or gain have been directly selected. 
Correlated responses in litter size in the P lines have largely followed 
responses in the selected character. Brien et al. (1984) showed that ovulation 
rate had changed in the A and P lines to bring about the correlated responses in 
litter size, with only minor alterations in pre-natal survival. No changes were 
found in ovulation rate in the F lines.

Brien et al. (1984) hypothesized that selection for high appetite produced 
mice which reach their ’peak' of reproductive potential earlier in life than 
lines selected for body weight, or components thereof. To test this idea, the 
selection lines were studied for 4 consecutive parities, with the female mice 
being dissected at Day 16 of their final pregnancy to measure ovulation rate and 
pre-natal survival. The litter size and ovulation rate data is shown in Figure 4 
and 5, respectively. Females were bred at intervals, with male mates being 
removed from mating cages prior to the females giving birth and put back again 
after litters had been weaned. Full details of this study are reported by Brien 
and Hill (1986). There is no clear evidence that the high A lines reach a peak 
of reproductive performance earlier in life than lines selected for lean mass or 
in fact than the low A lines. Indeed, there were still large differences in 
ovulation rate between the high and low A lines at fourth litter, larger than 
could be explained by the associated changes in body weight, indicating that the 
ovarian response to selection for appetite had not declined with age or parity.

In all selection lines, first litter performance was a reliable indication 
of reproductive rate over the 4 parities studied. Furthermore, under the 
interval mating scheme used, there was no apparent effect on female fertility 
(i.e. whether the females produced litters or not) of the previous selection 
which had been applied in either the A, F, or P lines (Brien and Hill, 1986).
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Physiological relationships between appetite and ovulation rate. An experiment 
was conducted to test whether the hormone prolactin mediated a relationship 
between appetite and ovulation rate in mice, as the literature suggested a role 
for this hormone in the growth process and in the control of ovarian function. 
By suppressing endogenous prolactin activity in mice with twice-daily injections 
of bromocryptine (a dopamine agonist), administered at a range of doses, no 
alteration in ovulation rate could be obtained; see Table 1 (Brien, 1985).
Table 1. Least—sguares means for ovulation rate, and median and range of plasma 
prolactin level following twice-daily administration of bromocryptine (CB154).

Treatment No.per
group

Ovulation
Rate

Plasma prolactin level (ng/ml)
Median Range

Control 13 14.9s* 217.2a 30.3-366.2
50 ug CBI54 14 14.4a 32.9b 16.3-156.5
100 ug CB154 14 15.1a 32.5b 15.5-161.3
150 ug CB154 13 15.7a 31.6b 16.1-121.3
s.e.# 0.6 _ _

* Means or medians with unlike superscripts differ significantly (P<0.05).
# Standard error of a treatment mean based on within—treatment variance.

DISCUSSION
The results of selection for lean weight and percentage fat suggest that in 

mice, the overriding factor genetically associated with ovulation rate and 
litter size is lean mass. In the F lines, where there have been no correlated 
responses in ovulation rate and litter size, no changes have occurred in lean 
mass either. However, there have been large changes in body composition, which 
are reflected in alterations in body weight. This is in contrast to the P lines, 
where large correlated responses were recorded in ovulation rate and litter size 
along with substantial alterations in lean mass, but little, if any change has 
been recorded in body composition (Sharp et al., 1984; Bishop and Hill, 1985).

The finding of genetic covariation between ovulation rate, litter size and 
appetite in mice suggests that the genetic determination of reproductive rate is 
influenced among other factors by the lean mass of the animal and by its 
appetite in relation to that lean mass. Whether the primary connection between 
appetite and reproductive rate is appetite itself or linked with changes also 
observed in basal metabolic rate in the A lines (Hill and Bishop, 1986) and/or 
some other factors remains to be determined. The failure to demonstrate an 
effect of age and/or breeding history of the female mice on the observed 
association between appetite and reproductive rate is further evidence of the 
presence of a strong, fundamental relationship between these characters.

As large differences in body composition had been achieved by selection in 
the F lines, the lack of any differences in litter size or fertility in the 
long-term reproductive study of these lines was a surprising result given the
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belief that mice selected for high body weight or gain suffer poor fertility 
because of overfatness (Roberts, 1979). It is possible that problems encountered 
in other studies may have been associated with inbreeding depression (Liljedahl, 
1974) and/or male infertility rather than fatness per se.

Although the hormone prolactin, which we chose to investigate, does not 
apparently mediate an association between appetite and ovulation rate, it is 
likely that endocrine and/or neuro-endocrine links are involved,' given the 
powerful influence that the pituitary gland exerts over both the reproductive 
and growth processes in mammals (Brien, 1985).

For domestic animals, the results suggest on the one hand, the importance 
of lean mass in helping to determine reproductive rate, while on the other hand, 
the lack of effect of fatness. They also suggest that appetite and/or metabolic 
rate is genetically associated with reproductive performance.
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Figure 1. Litter size for the mean of all replicates for the (a) appetite lines, 
(b) fat percentage lines (c) lean weight lines. Generation numbers are those of 
the progeny.
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Figure 2. A LINES: High-low divergence 
of litter size against high-low 
divergence of adjusted food intake.

Figure 3. P LINES: High-low divergence 
of litter size against high-low 
divergence of body weight - 8 x GFPW.

Figure 4 . Least-squares means of litter size - either the total number born 
(alive or dead) (T.L.S.) or live foetus number (L.F.) for the (a) appetite lines 
(b) fat percentage lines (c) lean weight lines (replicates pooled).
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Figure 5 . Least-squares means of ovulation rate (O.R.) for the (a) appetite 
lines (b) fat percentage lines (c) lean weight lines (replicates pooled).
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